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Introduction: Measurements made with 
geochemical instruments on the MESSENGER 
spacecraft revealed that Mercury’s crust is surprisingly 
rich in volatile elements, including S, Na, K, Cl, and C, 
and that it is enriched in Mg and depleted in Al, Ca, 
and Fe, relative to other terrestrial planets [1–5]. 
Geochemical maps also indicated the presence of a 
number of distinct geochemical terranes [6, 7]. The 
MESSENGER X-ray Spectrometer (XRS) detected X-
ray fluorescence, induced by incident solar X-rays, 
from the top ~10s of µm of Mercury’s surface. Like Fe, 
Cr was only detectable by XRS during large solar 
flares [5]. However, accurate Cr measurements are 
more susceptible to systematic errors than other 
elements measured by the XRS [3, 5]. Therefore, to 
date, Cr data have been published for only 11 XRS 
measurements [5], but we have recently [8] derived a 
map of Cr/Si across Mercury’s surface. This map is 
based on data acquired through the complete 
MESSENGER mission and reveals clear spatial 
heterogeneity in Cr. 
Methods: Following previous methods [5,9], we 
combined analyses of 133 XRS spectra, selected be-
cause they had non-zero derived Cr abundances and 
did not exhibit anomalously high detector backgrounds 
at high energy, to produce our Cr/Si map [8]. Data 
were empirically corrected for a phase-angle effect 
[5,8]. Following this correction, we calculate the global 
average Cr/Si as 0.003 (~800 ppm Cr), but there is at 
least a factor of two systematic uncertainty in absolute 
Cr/Si values. Relative differences between mapped 
Cr/Si values are much more robust.  
Results and Discussion: Our Cr/Si map is 
compared to an XRS-derived Mg/Al ratio map [5] in 
the Figure. Coverage in the northern hemisphere is 
sparse for Cr/Si and spatial resolution is poor in the 
south, but the map includes multiple resolved 
measurements across the High-Magnesium Region 
(HMR) and Caloris Basin (CB) geochemical terranes. 
The HMR, which is also enriched in Mg, S, Ca, and Fe, 
and depleted in Al, has a clear enrichment in Cr 
compared with the global average (Cr/Si~0.0054, 
1.8±0.4×average). Conversely, the CB interior plains, 
which exhibit the lowest Mg/Al on the planet, have a 
low Cr/Si ratio, with an average value of 0.0016, 
0.54±0.11 times the average. Thus, Cr on Mercury 
correlates with Mg, S, Ca, and Fe, and anti-correlates 
with Al, at least in large geochemical terranes.  
Based on its surface Fe and S composition, Mercu-
ry is inferred to have formed under highly reducing 
conditions, e.g., oxygen fugacity (fO2) of 3 to 7 log 
units below the iron-wüstite buffer [10-12]. Under 
these conditions, Cr is expected to be present primarily 
in sulfides. Moreover, because the valence state of Cr 
depends on fO2 [13], the new Cr data may provide ad-
ditional constraints on Mercury’s oxidation state [8, 
14].  
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